1.
SUMMARY
If the reference electrode of a pH meter is permxtted to contact paper suspended in an aqueous medium, the pH observed is lower than that observed with no contact.
The effect has been observed with papers of widely different pH, and varies in magnitude with the proximity of contact and with different papers.
The problem can be avoided by taking measurements on decanted equilibrium solutions instead of suspensions of paper.
The cause of this effect may be analogous to the suspension effect in colloidal systems.
INTRODUCTION
The determination of paper acidity (pH) by standard methods (1, 2) involves a fairly simple measurement of the pH of aqueous extracts, but results obtained by different operators vary widely (3) .
The work described in this report demonstrates that different pH values can be obtained on a single sample of paper by varying the proximity of the reference electrode to the paper in aqueous suspension and the effect of proximity can be a major source of error in pH tests. The error can be avoided simply by decanting the water after extraction and making pH measurements on the decantate. The phenomenon seems to be analogous to the well-known suspension effect of colloidal systems (4) (5) (6) (7) 3.
EXPERIMENTAL
All samples were prepared for testing according to TAPPI methods for cold or hot extraction pH (1,2).
The data in Table 1 were obtained on samples of paper made from a kraft pulp that had been deashed with 0 . IN hydrochloric acid and washed until free of HCl. The specimens were aged in flowing air for six days at 90°C ± 0.1* and 0%, 5%, 20%, or 50% relative humidity.
The data in Tables 2 and 3 were obtained on commercial book papers that had been used in interlaboratory testing programs (3) . Table 4 represents data on the same samples as Table 1 , in addition to an imaged specimen of the same paper.
The pH electrodes were positioned as follows:
(a) distance between electrodes and paper was visibly substantial, about 1 cm, (b) close proximity, with light brushing contact, was permitted, (c) the reference electrode was in close contact with . the paper surface, A research meter equipped with glass and calomel electrodes was employed for making the pH measurements. 4. RESULTS AND DISCUSSION It was possible to control the proximity of the electrodes to the paper in this study because the aqueous extracts were relatively clear. Nevertheless, a great deal of care had to be taken to avoid errors as a result of close proximity to the paper.
The data in Table 2 pertain to commercial book papers. These samples show smaller variations in pH than those found in Table 1 , but again the pH readings are affected by the proximity of the electrodes to the paper, except for the alkaline paper.
The magnitude of variation differs from paper to paper and indicates that the effect is real and not due to instrument error.
The pH data obtained in interlaboratory testing programs indicate that errors of the type due to close proximity or contact may occur quite frequently.
For example, sample 1 in Table 2 has been subjected to analysis in a collaborative interlaboratory testing program involving eleven different laboratories (3) , and the results are summarized in Table 3 . The conclusion in reference 3 was that the most reliable pH values for sample 1 were 5.05 (cold extraction) and 4.50 (hot extraction). These pH estimates resulted from a careful evaluation of data obtained in the testing program over an extended period of time. The data contain several points of interest. (a) There are large differences between laboratory means.
The range of reported values for cold extraction pH is 4.51 to 5.66.
That for hot extraction is 3.9 7 to 5.16. The most reliable pH values are very close to those listed for the respective decantates in Tables 2 and 3 indicating that decantates gave very good values.
(c)
The two lowest values in Table 3 for both cold and hot extraction pH suggest the analyst permitted the pH electrodes to come into contact with the paper. (4) . Theoretical (4) and more qualitative discussions (5, 6, 7) of the pH of colloidal systems show that the position of the reversible electrode (glass or hydrogen) is without influence on the measured potential, but the position of the reference electrode is important. Contact with the suspension results in greater potential readings because of a greater charge density at particle surfaces than in equilibrium solutions.
The similarity in the response of pH electrodes to paper suspensions suggests that charges on the paper surface similarly effect paper pH tests.
These charges may be closely related to the zeta potential of pulp fibers. Current standard methods do not mention possible errors due to contact and analysts may not be aware of the need to avoid it, but it is likely that a substantial improvement in pH determinations could be made by testing decanted equilibrium solutions rather than suspensions of paper.
6.
SHORT-CIRCUITING AS A SOURCE OF ERROR
An alternative explanation of the contact phenomenon was considered.
A continuous matrix of fibers between the electrodes might cause shorting which would result in unpredictable electrical disturbances. This explanation was discounted when pH measurements were made with electrodes in separate beakers connected by a salt bridge.
One beaker contained both paper and equilibrium solution; the other, only equilibrium solution. The data in Table 4 resulted from varying the contact of the reference electrode with the paper.
These results indicate that shorting is not the cause for the great variations in pH values caused by contact of the electrodes with the paper. The pH values obtained in the determination of the acidity (pH) of paper extracts are highly dependent on the proximity of the reference electrode to the test sample.
2.
Contact between the reference electrode and charged surfaces of paper may result in an increase in the measured potential. 3. Error from this source can be minimized by making pH measurements on the decanted equilibrium solutions. 
